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i B (Fh) R RHEE (F) F/Fmsy
(90%fE FHIX ) (k) (90%fE FHIX ) (90%fE#H X )
2018 6.1 (4.4~8.5) 2,241 0.37 (0.26~0.51) 0.40 (0.26~0.55)
2019 6.3 (4.6~8.7) 3,001 0.48 (0.34~0.66) 0.52 (0.34~0.71)
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2022 5.7 (4.2~7.8) 1,612 0.28 (0.21~0.38) 0.31 (0.21~0.41)
2023 6.2 (4.5~8.6) 1,700 0.28 (0.21~0.38) 0.30 (0.20~0.41)
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7 3-1. FEEOHE (F)

e UEE i : - el : - &t
FaR—=>rr  HARE /N FIR—="7 AAME /NG

1980 196 2,106 2,302

1981 102 1,781 1,883

1982 137 860 997

1983 112 1,176 1,288

1984 296 1,417 1,713

1985 122 1,231 1,353 17 1,271 1,287 2,640
1986 44 930 974 21 1,243 1,264 2,238
1987 36 1,293 1,329 21 1,523 1,544 2,873
1988 21 1,192 1,213 13 1,506 1,519 2,732
1989 199 1,219 1,419 35 1,446 1,481 2,900
1990 153 1,044 1,197 26 1,448 1,475 2,671
1991 74 1,057 1,130 36 1,824 1,860 2,990
1992 197 1,398 1,595 38 1,727 1,766 3,361
1993 39 1,522 1,561 40 1,185 1,224 2,785
1994 51 1,348 1,398 48 1,179 1,227 2,626
1995 119 1,021 1,140 115 954 1,069 2,209
1996 121 1,083 1,204 122 1,054 1,176 2,380
1997 105 1,556 1,661 66 1,109 1,175 2,836
1998 96 1,090 1,185 51 923 975 2,160
1999 174 1,344 1,518 69 949 1,018 2,536
2000 95 903 998 72 985 1,056 2,055
2001 87 1,111 1,198 69 1,299 1,367 2,566
2002 75 1,021 1,096 59 1,298 1,358 2,454
2003 108 1,362 1,470 91 1,048 1,139 2,609
2004 185 1,294 1,479 65 907 972 2,451
2005 143 952 1,095 45 917 962 2,058
2006 84 930 1,014 62 1,006 1,068 2,082
2007 134 1,487 1,621 81 1,L175 1,256 2,877
2008 107 684 791 58 888 945 1,736
2009 45 985 1,030 45 752 797 1,827
2010 49 844 893 73 860 933 1,826
2011 47 708 756 57 694 751 1,506
2012 40 1,068 1,108 53 641 694 1,803
2013 40 1,251 1,291 43 502 545 1,836
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7 3-1. BEEOHE (Fr) (oo%)

ek WE\ - ﬁi‘ - it
AR—=Yr ARG /NGEE FAR—=rr AR /NEE

2014 35 469 504 35 188 222 726
2015 69 1,133 1,202 49 212 261 1,463
2016 42 2,534 2,575 42 163 205 2,780
2017 17 1,853 1,871 78 195 273 2,144
2018 21 1,963 1,984 29 228 257 2,241
2019 18 2,605 2,622 58 320 378 3,001
2020 5 1,493 1,498 40 310 350 1,848
2021 3 1,257 1,260 50 357 408 1,668
2022 3 1,192 1,195 34 383 417 1,612

AR 8 A ~34E 7 J,

MR O HEP XX ALEE A AR KO =2 > ZihE (o 7 KIERR< ),
INFREOEFHPITRAN D Y Fu £ T,

2021, 2022 A 13 A,

1984 AR LART DI Frif e B IR R,
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#*3-2. ENT ED LRIEICR T D0 T BOHER
EERCS ESUE SR AifaiEEk
1980 78,969 30,954
1981 80,436 34,367
1982 78,797 29,316
1983 70,562 28,173
1984 70,700 29,848
1985 81,513 36,748
1986 59,854 19,466
1987 68,669 26,526
1988 73,431 23,673
1989 65,273 26,468
1990 66,372 26,943
1991 54,789 19,565
1992 51,242 18,311
1993 48,004 17,590
1994 51,004 21,000
1995 47,703 28,776
1996 46,148 21,213
1997 46,631 23,758
1998 42,238 21,298
1999 36,246 21,863
2000 27,298 16,592
2001 26,268 14,716
2002 23,409 12,886
2003 26,888 15,311
2004 25,871 14,897
2005 26,818 15,690
2006 26,977 15,585
2007 25,206 16,472
2008 21,866 14,070
2009 22,693 13,123
2010 20,081 10,682
2011 19,310 11,614
2012 17,169 8,527
2013 19,018 11,525
2014 15,432 8,668

-17 -

FRA-SA2023-SC16-01



# 32, MRS b LIRIEICR T 21ES HEOHR (05F)

Uitikin RS S A L

2015 12,334 4,757
2016 14,492 7,830
2017 14,961 6,600
2018 13,740 6,481
2019 13,388 6,243
2020 11,756 4,836
2021 11,584 3,874
2022 10,137 3,627

FRA-SA2023-SC16-01

AR R - BT — 2 IS RBRE LR BEEBREOME, 72720, 2015 FA
DI —H OB A imp e L e LTz,

-18 -



FRA-SA2023-SC16-01

#*4-1. BFEEEFEHEOHER

1A MEHEYE(L, CPUE (kg/fd) FRAFEIRE D (h)
1980 92.9
1981 124.7
1982 88.1
1983 64.0
1984 78.1
1985 90.1
1986 47.0
1987 58.0
1988 41.1
1989 71.6
1990 48.8
1991 46.1
1992 63.7
1993 40.7
1994 34.4
1995 67.3 1,760
1996 46.5 2,233
1997 51.9 2,428
1998 67.2 2,096
1999 106.7 2,640
2000 91.2 2,626
2001 71.1 3,242
2002 71.7 2,835
2003 79.2 3,322
2004 86.6 3,890
2005 80.5 4,162
2006 80.1 4,081
2007 116.5 4,669
2008 93.3 3,919
2009 83.8 3,645
2010 93.1 3,807
2011 68.0 3,972
2012 62.7 4,294
2013 74.0 3,767
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#4-1. BREREEOHE (55F)

T4 IEAEHE(L CPUE (kg/#d) FAFEJRE D (h)
2014 33.7 3,453
2015 102.0 4,944
2016 136.3

2017 105.9

2018 104.3

2019 105.1

2020 80.9

2021 96.5

2022 75.4

* 42, IRFrgEEER 2 RH T LB ER L OREE

23 sk s BUR O
EEE BEUA D Wifstk S BROH

" T e 1% 5
. (Fry)  oxnn R R RO

(Fh>) 4
& K Fffoc L PE
RS (1.8~4.4) (0.19~0.45) (0.62~1.52) (2.6~2.9) (2.44~4.85)
“ R & (Bmsy) : : . . . . . . . .

REVEETT VORRIZHESE | BRFAERZEIT 2E&JE (Bmsy), BLOEN
DEBFENAE T (K) (x5, xS 2EE (Fmsy) . %9 2 EED T CHiIfFS
N RE (MSY)., ST 2 iEEDOBURORBEEIZ T 5 (Fmsy/F2022) %R,
2 ODIERFET VAT L HHEERE RS 30,000 [F O K LEEES T T RTA—F 1y
FNEBAR L CHEM LZEORREZRFEMEE LT, S—kZ A EE 95 33—k
Z A NEZ 90%EFXM & L TR LT,
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# 43 HWIRE L REEOHETEE (REME & 90%(F X [H)

—_ HPRE(Th) libi JER
TR RFE ER TR R fE ERR
1985 2.6 39 5.8 0.46 0.67 1.00
1986 2.5 3.6 5.1 0.44 0.62 0.89
1987 2.9 4.0 54 0.53 0.72 0.98
1988 2.6 3.6 5.0 0.55 0.75 1.03
1989 2.7 3.7 5.0 0.58 0.79 1.09
1990 24 34 4.6 0.58 0.80 1.09
1991 2.5 34 4.6 0.64 0.87 1.18
1992 24 33 4.4 0.76 1.03 1.39
1993 1.9 2.7 3.7 0.75 1.05 1.47
1994 1.8 2.6 3.5 0.74 1.03 1.42
1995 1.9 2.6 3.5 0.64 0.85 1.15
1996 24 3.1 4.1 0.58 0.76 1.00
1997 2.6 34 4.5 0.63 0.82 1.07
1998 23 3.1 4.2 0.52 0.69 0.92
1999 2.9 3.8 5.0 0.50 0.66 0.86
2000 2.9 3.8 5.1 0.41 0.54 0.71
2001 35 4.5 59 0.43 0.57 0.74
2002 3.2 43 5.7 0.43 0.57 0.76
2003 3.7 4.8 6.4 0.41 0.54 0.71
2004 4.0 53 7.1 0.34 0.46 0.61
2005 4.2 5.6 7.5 0.28 0.37 0.49
2006 4.4 5.8 7.7 0.27 0.36 0.47
2007 5.0 6.5 8.6 0.33 0.44 0.57
2008 4.0 54 7.2 0.24 0.32 0.43
2009 4.1 5.4 7.1 0.26 0.34 0.45
2010 4.2 55 7.3 0.25 0.33 0.43
2011 4.2 55 7.3 0.21 0.27 0.36
2012 4.6 6.0 7.8 0.23 0.30 0.39
2013 43 5.6 7.4 0.25 0.33 0.43
2014 35 4.7 6.4 0.11 0.15 0.21
2015 54 7.0 9.1 0.16 0.21 0.27
2016 59 7.8 10.4 0.27 0.35 0.47
2017 4.5 6.3 8.7 0.25 0.34 0.48
2018 4.4 6.1 8.5 0.26 0.37 0.51
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# 43 HWIRE L REEOHETIE (REME & 90%FHEIXH) (03&)

\ HIRE (Th) e JES
A : ‘
TR AR ERR TR =y R
2019 4.6 6.3 8.7 0.34 0.48 0.66
2020 3.6 5.1 7.2 0.26 0.37 0.52
2021 4.0 5.4 7.5 0.22 0.31 0.42
2022 4.2 5.7 7.8 0.21 0.28 0.38
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K 4-4. EPE L Bmsy 38 X OVAMEIE & Fmsy D (FRERAE & 90%15 #E X [H#])

. B/Bmsy F/Fmsy
TR RFE ER TR R fE ERR
1985 0.87 1.33 2.20 0.43 0.73 1.13
1986 0.85 1.22 1.90 0.42 0.68 0.98
1987 0.98 1.35 2.03 0.51 0.78 1.10
1988 0.92 1.22 1.80 0.54 0.82 1.12
1989 0.93 1.23 1.80 0.58 0.87 1.17
1990 0.87 1.13 1.63 0.59 0.87 1.15
1991 0.89 1.15 1.64 0.65 0.95 1.26
1992 0.87 1.10 1.56 0.77 1.12 1.46
1993 0.71 0.90 1.24 0.80 1.14 1.47
1994 0.68 0.86 1.21 0.77 1.12 1.45
1995 0.69 0.87 1.25 0.63 0.93 1.22
1996 0.82 1.05 1.53 0.55 0.83 1.10
1997 0.91 1.15 1.69 0.60 0.90 1.19
1998 0.83 1.05 1.51 0.51 0.76 0.99
1999 1.01 1.29 1.88 0.48 0.72 0.95
2000 1.02 1.28 1.86 0.39 0.59 0.77
2001 1.20 1.52 2.20 0.42 0.62 0.81
2002 1.14 1.43 2.07 0.42 0.63 0.82
2003 1.28 1.61 2.33 0.40 0.59 0.77
2004 1.42 1.79 2.59 0.34 0.50 0.65
2005 1.48 1.88 2.72 0.27 0.40 0.53
2006 1.54 1.94 2.80 0.27 0.39 0.51
2007 1.74 2.19 3.17 0.32 0.48 0.63
2008 1.43 1.80 2.61 0.24 0.35 0.46
2009 1.43 1.80 2.60 0.25 0.37 0.49
2010 1.47 1.86 2.68 0.24 0.36 0.47
2011 1.47 1.85 2.68 0.20 0.30 0.39
2012 1.59 2.00 2.88 0.22 0.33 0.43
2013 1.50 1.88 2.71 0.24 0.36 0.47
2014 1.25 1.59 2.30 0.11 0.17 0.22
2015 1.84 233 3.40 0.15 0.23 0.30
2016 1.99 2.63 3.96 0.25 0.39 0.52
2017 1.56 2.09 3.22 0.24 0.38 0.51
2018 1.54 2.04 3.11 0.26 0.40 0.55
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# 4-4. EJiE L Bmsy 35 L VAL & Fmsy D (REfE & 90%EHEIXHE) (DD5F)

. B/Bmsy F/Fmsy
b RS 5 ‘
TR REEE FIR TR R fE ERR
2019 1.60 2.11 3.17 0.34 0.52 0.71
2020 1.29 1.70 2.53 0.26 0.40 0.54
2021 1.41 1.83 2.66 0.23 0.33 0.45
2022 1.48 1.92 2.79 0.21 0.31 0.41
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#*4-5. BIRMATROR (RE&IME)
R HiE

T4 (Fho) (Fho) & E (F)  B/Bmsy F/Fmsy
1985 2.6 3.9 0.68 1.33 0.73
1986 2.2 3.6 0.62 1.22 0.68
1987 2.9 4.0 0.72 1.35 0.78
1988 2.7 3.6 0.75 1.22 0.82
1989 2.9 3.7 0.80 1.23 0.87
1990 2.7 34 0.80 1.13 0.87
1991 3.0 34 0.88 1.15 0.95
1992 34 33 1.03 1.10 1.12
1993 2.8 2.7 1.05 0.90 1.14
1994 2.6 2.6 1.04 0.86 1.12
1995 2.2 2.6 0.86 0.87 0.93
1996 2.4 3.1 0.76 1.05 0.83
1997 2.8 34 0.82 1.15 0.90
1998 2.2 3.1 0.70 1.05 0.76
1999 2.5 3.8 0.67 1.29 0.72
2000 2.1 3.8 0.54 1.28 0.59
2001 2.6 4.5 0.56 1.52 0.62
2002 2.5 43 0.59 1.43 0.63
2003 2.6 4.8 0.54 1.61 0.59
2004 2.4 5.3 0.45 1.79 0.50
2005 2.1 5.6 0.36 1.88 0.40
2006 2.1 5.8 0.36 1.94 0.39
2007 2.9 6.5 0.44 2.19 0.48
2008 1.7 54 0.32 1.80 0.35
2009 1.8 54 0.34 1.80 0.37
2010 1.8 5.5 0.33 1.86 0.36
2011 1.5 5.5 0.27 1.85 0.30
2012 1.8 6.0 0.30 2.00 0.33
2013 1.8 5.6 0.33 1.88 0.36
2014 0.7 4.7 0.15 1.59 0.17
2015 1.5 7.0 0.21 2.33 0.23
2016 2.8 7.8 0.35 2.63 0.39
2017 2.1 6.3 0.34 2.09 0.38
2018 2.2 6.1 0.37 2.04 0.40
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44 BT (REE) (Do F)
R HiE

i ikes (TF) (Th) % T (F) B/Bmsy F/Fmsy
2019 3.0 6.3 0.48 2.11 0.52
2020 1.8 5.1 0.37 1.70 0.40
2021 1.7 5.4 0.31 1.83 0.33
2022 1.6 5.7 0.28 1.92 0.31
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| I

R UEHEE S DTG Ay
INTA—=BDEEBIER S OEARK

R AR

SR FRHOTF—2tvh
(2.000 [E] DKL FH5)

TANEN Y,
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2.000 3R T (B<1{272%)
BIRAE L2 NIA=BEZorb
(B<1 {Z72H72\N) LU)Z3S
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2 DDET NVDORFEFEMED A% KL=
IG A2 hOVERR

BRFHEOEEBENEHE

EHELEBEHEAOT —F1oh
(30,000 [ElD VKL FH5HL)

NG A—=HEy T LT
SREBEEZFHE
FRAEE 5 N—EFANVH,

95 N—t L ZANH
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— HFEHED
TR ASTA—=Z2y MR RFEE L 90% 12 #HE X i
s ¥;j REEESAR
AlD -
FA [RAEHRIL R
2 ODETFNDRHEESEEZ A DE-FMEIC EEfK HESR | Fmsy (2265<
EENAEEORIREREZ £ K EEHEREERE
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FRA-SA2023-SC16-01

WREH2 HEARE

AEJPRTIX, Pella-Tomlinson B OIRREZERIRRIAFEET L (I X7 g U ET L) T
& % SPICT (HIfGeIFRIC 31T 2 e R 10 72 IR AB ZE fH] 4R el 2E 2 £ 7 /L« Pedersen and Berg 2017)
Z W2 EIRARAT I S S EFIRIEZ R L T\ 5, AES LR TH D I KL
PERZRBT52EFE (Bmsy) <0, AEEHBACOMRBELED LR E 72D Fmsy 1, AR
BILZ 1T SPICT CTOHEEMIZHESL . SPICT OREAREB LUORT A —F 2 LU FIZRT,

(1) REEZERARAETET L

REEE T L

SPiCT Tid, HEH#EBEINWEFREORRZN REEET V) 2L TFOXHICELT
W5,

-1
dB, = ﬁBt (1 — [%]n ) dt — F,B.dt + ogB.dW, (1)

Z 2 CB I t TOEPRE, FoXRERE] t COMRMBEREL, r IZNAY BRI, KITBRERIL
KNThD, oeBdW ITIBFERRZE GHFERRZE) ThH Y | o lLBERRAOEMERZE, W X7 7
UV TH D, n IIREVEEMBOEERET HHRNATA—FTHY | ZOMENPKE
WME EBRBRINA I )ET 2% Bmsy (e R Rfe A pE & 4 2819 5 B E) ORI A0 A3 K
LD, AT r & KIZIZRWFEEIR S 5 Z & 225, Fletcher (1978) 12X % (2) =
~OEFBIZEY, LVEZELEHEEEZFEB L TV 5,

n
ZZTyix B X mix @ Xo@Ebh Th o,
y =D /(n — 1) (3)
rK
m= m (4)

EPFFHEHIM OB OFEOEIREIZET 537 A —4% L LT, FIHEREDERRKINENIC
%19 7% b bkfrac & H#EAIIC kO B b, REMI (os=0) Z2EAEEEEIED & & Tix, (5)
ADIA Y m T K FfeAEER MSY OfEICHYS T 5, 72, IRERAY 7 Bmsy 36 K U Fmsy
IXENENLTO (6) XbBLO» (7)) XTRREh b,

MSY% =m (5)
Big, =n'/A"MK (6)
Frgsy = m/Bmsy @

—J . MEFEGmE7e MSY, Bmsy, B IO Fmsy (ZZNENLLFD (8) (9) (10) THE
N5,

MSYS = MSY4(1— —™2 52 (8)
1—(1—Fd )
msy
_ pd 14Fthsy (n=2)/2
Brsnsy - Bmsy (1 - ansy_(j_—l:%sy)sz§> (9)
_ pd m-1)(1-Flhsy)
Fnsmsy - Fmsy - (Z—Tsy)zy B (10)
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TR /XT A =% n 3 1 % FTEIZGE TR MSY, Bmsy, 35 KU Fmsy OHEEMEILAR
WENIRD & S TWAH =8, Pedersenand Berg (2017) 25V, n>1 DA IIHERHAY
7ME% . 0<n<l OBBITITREHRMEEZ ATV D,
SPICT TlE. FHi gD 7 v 2% T (11) (12) XTET /ML TEL | 14
M2 KU - -3HENATRETH 5,
Fy = 5Gy (11)
dlogG; = ardV; (12)
T CIREAREFTIRIE DRI St & T v X LR G DR S VD o IFTRERREL
DA RZHET HIEEERZE, VX7 70 VEETH S, BEOFHENEZET VLT 5
AL SUTEWIR B AT T4 VIR AIRET 25D FIEND D,

BTV
SPICT TD/XT A —Z OHEFEIZN W DFREREIZLL T OB 7 /LTI Wb 5,
log(I;;) = log(q;B;) + e, (13)
eci ~N(0,07;) (14)

SPICT TITHEEDOFRIMEZ LA TE D, i (3% B OFEIEEORH t IZB 1T HETH D,
X0 B ORI DIENFE T A—2Thb, e,ldidHBOREMOBHNGAET
BV, 0l TEDEERETH D,

SPICT T, MEEHFEHEDRRZIZHIG LT, fEE L EEMICBIE S NRVES LT
LIFo (15) (16) X THE T 5,

log(C,) = log (ftHA FSBSds) + €, (15)

e ~N(0, g} (16)
I TeITIERDBINEETH Y | oI FOEERFETH D, HIE LAGHEOET LT
TR SR ERE ORI SIS W (60,2001 THEE) EIEL TV,

BRIl COHEE /R T A —X
SPICT TIIRFIEFEETT NN D/NT A —F (TS ZHEE DO —FETH 5 S0 & Fobik THE
ET D, RGP TIE. n. m. K. gi. B.. Fi. os. oiiv oF, bkfrac ZHEE L T 5, NAYER
EhFErin, m, BEORKB3HEESNLAZ ETTFX (17) I2XvEoNnD,

r= m(*)_1 (17)

n(M/(n-1))

ZNEND/RT A= ZITITHEEZAT O NSO # E L THAIMELES 280, T
BEENANT A—=Z L LTEHERZDZLENARETH D,

(2) BIGHECOMERT —% LT IVEIE
FEHT T2 b

RRVEETT MWD EER L LT, 1985~2022 A=Al oo R4 FHE 2 V=, B
IROEY | SPICT TILFAEEIZHAENETENTVD EIE L THEET 2 Z L3 HIk D23,
AREWOET NV CIIBIEE SN REOREITH LI/ NSNS O L RE LT, HEEEL &
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L CEMRAFD VPA THEE L 7ot o &R E & (P AokERRYS - HENKERERYS 2023) %
RFNEPET T WA S 25 72O ITHE L 7= 1995~2015 FEif O A& IR 8 D 2 iz,
ZHUE, VPAIZE S HEEBIREDRRRIAEET VTHE SN BRE L ITERN R D
Zlizk b, VPA OB REIL. HDOFEITBWTKRE  IMAZEOGFEMNNE X 2%, o
ZOFEDOWENRETHROMETH D, —FH, REEEETT LV CORREIX, HIHFICE
WTREIAEFERED MDD DI, D 2OZ OFEOIRIENEAET HHEIOMTH Y . VPA TILHTFED
RS L OV AR TR LB OBRFEREICHY T (WX 2-1) . 22T, AT
1% VPA OFERICHESE TRICK W RRAEEET L LS S5 720 O REDFHRIFE IR &
D%RH7,

D, ::(By_l-e(‘%)-c;_l)e(‘%) (18)

Z ZTB I3 VPA THEE SN y FFOEIEE, C, 13y FOIER, M T VPA IZ K T
B W TRE SN - BIRET4R%L (0.25) TH Y, B ONT-DRRFIAEFEETT LV THEE S
LEFREICHYT D, REFROEEITMOEIREREN VPAILL > THEE SN TN D729,
By ICHEDEEZ BT HEND H, AN T, MEOEAESLE 11, KE%E 1:0.8 LK
ELT, MOBFERIC 1.8 2HE L2l MlEOERER L Lz, 70, KRG T
DOWIERIPFRIZ L > TRESE R | EROEPDORESHNANIFRNBAELCD T
HIND, 16> T, HEOWIEIR LD L) 22 R B T4 E L CTU 72 1994~2014 ISR 0
VPA |2 & o THEE SN2 EJRED D EFEROFHRIZ X - T 1995~2015 (#EHIFEDD Z KD 7
b CHRREAEL & UTCTRRNTICAE A L7=, RRE @ 0 ARMENT Tl o HeE E & IR &) O MERELE IS
RE % 35 CHERE AR D &R 2 RO THREE & LT\ D72, MERELL DBE 0O AN Hife FEME
R L CHEE RS RIS b RHEEENE L TV A HICIIRENLETH 5, HIEMEL & LT
MENT o LIRIEDIFERE(L CPUE @ 9 6| [ EEFHE & [7 U 1985~2022 4Fifa i D4
2 EYE 1 & LT L L TRV =, CPUE OIEHEL ORI [4Fn5 (2023) EE Y ¥
ANFAHEE AL SRR O PP A OV E M SE (D) £ b Lifalk) @ CPUE FEHE(LIZ DU T (FRA-
SA2023-SC16-101) | (FZEIED> 2023) (TR L7z,

SPICT TIE—H &M< 5T TEHMREREZET VIO ANDZ ENTE LN, K
GBI TIL LEIC L O - FBEEOT — 2 Z2HWCH Y, FHMNREREZTT VICEDY
ATV, 2D, ET /L TORMZ A b — B 72 BERO O R RIAEREET T L & [FER
W2 LA B O EHEREIC D Ko I E L (11X TES=1&L7) .

RXT A —H OFERFIAG

SPICT 1A AHEED—FE T AT SR AEEZHND T2, T A —ZHEEDERIC
TFRIDAE G 2D DKL, BRI ST A =2 n IZHEEDPRETHLH720,
KA TIE n OFRIA OFIEE n=2.00 & L T L=, WEYHESREENER r O /A6
DONH)E I FishLife (Thorson2020) (2£:3& r=0.32 & L THEfL7z, £72. 2 TOET IV
IZB W CHREEAEL ORIENR T A — 2 q T FME 1, BHREEDO K E Sop lZITEHE
0.15 OFEFIERE G 2 1=, ENFE T A —2q B LOBHRRZE DO KX Sa, OFRITEHRD
5.2 07 DREEESHTIIEREOER T 4 (2022) Y U FAuhE AL R EE O IRHEZE
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MR A PEE T T X 5D EIRENT (FRA-SA2022-SC08-201) ) (T-IEIEH 2022) 2BV TH
FLTWD, g2 o8 012, oF, bkfrac IZIZFRIDAAZ 52 TITHEE L TV D,

(3) HARET N TOHERLRE LW
HEEAE D 24 O] K7

DIRREZE] 7 7 v a VBT VOBEPEERRE~OEHADIZOD T A K74 (FRA-
SA2023-ABCWG02-07) | (KEEWFSE - ZiBEHERE 2023) |ZHE-5 %, SPICT IZ X 5 &EJRGHA
FERDIBLTD 2 DOOFT MBI TET VR EMSOHETE N T A —X DRENE « %Y
PEIZ DWW TR 2B ST Ze B E 235G Dz S Hlr L, BRI AW
BEAEFNVE LI, BARETLOS S, Model 1 TITAEAERE 1 25 % 7= a3 E #4542
ET DRV ERIOA 2 L. Model 2 TIHIEHER A% 0.50 & L CReWE/T AR % 14
LTI A=ZHEEZ T T2, BTOET VBT, HBIENRNT X — 2 q OFERE(R
1% 0.30, BUAIFRZE D K& S0y DFEHERFEIL 050 & LT-, 78T A — & HEE DR BRI 2 5 2-
LIRLTE, F2, BARET NV EOERE EFRELEOHEEMEEZMEE 2-2 1R LT,

ET IVl

L ha AT T 4 TRITOFER, 2 DOERET N TIEETOEOHEMNE LI, &
JREE Bmsy O TIHBAE 2L ha AT T 4 T T AFBO L2~ 7- (Mohn's p
1%-0.02~-0.01) (FHRX 2-2) , IfaJEE &L Fmsy OHICB W THEEER L hu AXs T 7
NA T ATRBD Lo (Mohn’s p 1% 0.01~0.02) , ETAMTL har AT T 47
NA T ZADPAFEIEWITFED bR o T,

MO H TITE Y AN IV RFT LIz E A, WIS EEITER S OGE
WCELSHETTESTEBY, Fo, EERABCHBEAY — RO ool (Hi2X 2-
3) . FEIEM L% T 5 2 DORAKRET VOHEEM R EZHE LI HEEERE & OBRIX, 15
R 1 GREFERE) CHESNZEREOR TRL Y RALLS —& LTV (B2 2-
4) , FEEEEHWEET LOHEICBO THREOMBEIZ/ VWb Lt E 2 5T,

HRGHITIZ LY | HEE SN EIRET DS REIERE - (8 - o ABREOWTRINLE
BINTWDEINZHRE Lz, BIREZINITONTIVS REIAE & EER T SN DO 1S
<, e RABETHHAINLIEIIIE N TH o7 (HidH 2-5)

(4) BAREFTNORROKE

KFEAEFEET LTI, BT LOREE . Bmsy X° Fmsy 72 £, MSY ([ZBIRT 2 EEES
WO ERRMM S S ICEH SN D, 2 OFHEEEMIC ST 2 8fEiE, 2 o
DERET NVOFREREHRAE L TRD, o, BIRFMOSFEIMEIZONTS, 2 20k
ARETNVOFRREHREA L TR LT, A LIEBROBEHIZHTZD, TEhoET VT
ENT A= DB BATHNIZAER L, "NTA—FOMHBEEZEZER LT A—F Y
FOBAEREIT o7, BRI, BERRDNST A =2 TH%S n, m, K, g8, oc. oF,
O11s 012y Qua Qe & T U X LR DRT A—H T 5 1985~2022 FFiEH DO BB L O'F D
KBAEN S 72537 A—2 Ty MZOWT, ZEBEHSMA LM IR LHESIST T
A—=BuT U HENIERTDH LT, FNENDET NV CTORHEE D ANFEREMEDOHFPHIZE F
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NOGFEREL ZDNRT A=y b EfGl, ZERERSMTHWZSEIL, £hEth
DEF N THEE S NIREEATHIOWATE T I B 5y Bt BATH & o, AR TIEL 2
DIEARET NI BIR CETZT AR L7zt 0 IR LAy D/RT A =41y M TORRE,
SNR—bZANE, BIXORIB RXR—t o XA VENS, AFRER L ON0%XFZ2 KD T
%o #e0 I LRHESIT, EIRRHML O A FEE O 5 1213 30,000 B & L7z, X 4-512RL7
ME 70y NI, BEGHED 2 SORARET VOB EEDEL LD TH D, HAET VL
TEBES T LT T ey AR 2-6 17T, BEIRFHIIC AW 2 2O RARET L
TiE, TR ENRBEORKESE LI, EFFEOERED Bmsy & O (B/Bmsy) (% 90%D
FHEEGEDT 1 2 LEY | EDFEOEREED Fmsy & O (F/Fmsy) HIRHEXHEZ &
DT 1 & TRESEHEINZ, ok, WMEFOEFIREBIZOWTIMH T 2 > MIEFEX
AR ENTOZRWA, MRR 2-7 (R L2 X 9 ICETERBEOEHEX A GFEET 5 2 &
ICHEDPRLETH D,

5| AR

THE E - ERRMER - RES T - 5D OB - FEEAGR. (2022) 5FN 4 (2022) SR Y TR
Y AL ER R RE O IR BEZE I A T AL E £ 7 VI K D & IRAMENT. FRA-SA2022-SC08-201.

THE IE - ERREEK - ARES T - 5D JE - FEEAGRS (2023) AR5 (2023) EE Y UT R
HREALEREEO PSRN E M ZE (DT £ Liflk) @ CPUE HEHE(KIZ DU T. FRA-
SA2023-SC16-101.

K PERRER Y - HENKPERBRY: (2023) Y U T HARHE~ AR — 7 Wipifipi. 2023 4R
JeiEE JE DV d T D TR AR o0 R AN, ALVEE SRR S B SO K PERTTZEA
6, 177-200.

Fletcher, R. 1. (1978) On the restructuring of the Pella-Tomlinson system. Fishery Bulletin, 76, 515-
521.

Pedersen, M. W., & Berg, C. W. (2017) A stochastic surplus production model in continuous time.
Fish and Fisheries, 18, 226-243.

IKPERIFSE « ZUEHEME (2023) JRREZERI 7 &4 7 v a VBT ILVORNEGIR~DMEH D=
DHA K74 . FRA-SA2023-ABCWG02-07. https://abchan.fra.go.jp/references_list/FRA-
SA2023-ABCWG02-07.pdf

Thorson, J. T. (2020) Predicting recruitment density dependence and intrinsic growth rate for all
fishes worldwide using a data-limited life-history model. Fish and Fisheries, 21(2), 237-251.
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A) Modell
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B) Model2
Index 1 Index 2
g 0« ° b S ¢ ] "
T o 7 o0 » S oS 7 s " an
o ® 0_o® © ]
x 9 ] x N T '@ _g@g J u =
Q [+ 0] o0 [ ] [ o - = u ‘
g} _ © T
£ o® £ To w &
=] © ® [=)] o B B
o & 2 S S [ ]
* T T T T ] T T T T
1995 2000 2005 2010 2015 1990 2000 2010 2020
Time Time
P Bias p—-val: 0.9976 P Bias p-val: 0.7998
© (1)
% < 7 " ® -OU:J i I l..
& $ 2 TR0 e e
— . L EEL R RN s v VORECY & v e v v o
5 2 oot 00l $ o | T mT gy
O - ° o® o ! u® u
x w L [ ] 6 f‘l" -
Q - =
g 1 T | | T .T 'g | T T = T
- 1995 2000 2005 2010 2015 - 1990 2000 2010 2020
Time Time
LBox p-val: 0.3345 LBox p-val: 0.1815
o
5 o 5
< 1 < 4 7
-~ o~ | N P J Y
3 © ! \ 1 ) - | |
= - 2 o
— Vr —_ D -
O "hmmm s s e e e o e - = T oo e e = = = = =
I T T T T T T T T T T
0 1 2 3 4 0 1 2 3 4
Lag Lag
Shapiro p-val: 0.7667
w w
Q v _ v o
g -] °° 2
@ o @
= — =
(@] o _| g
L) _ o
£ o - £
a 2 | ° @
“ T T T T 1 »
-2 -1 0 1 2
Theoretical Quantiles Theoretical Quantiles

spict_v1.3.7@cdf3f5

MR 2-3. FEEMEDRZE ST (D5F)

-36 -



10000 -
7500 - 4
|
—_ /\ F
A e / “ ‘ ‘.‘ 'l
= ¢ =% ¥
5000 - / o
@§ I‘\ ’
i ——
) v w’
\ 4 :
2500 - 7 *
O -
1985 1990 1995 2000 2005 2010 2015
FRERLE

MR 2-4. FEERAE & HEEE IR B OB
R EIHEEE R EICH DY THRBIEL TH D,

-37-

FRA-SA2023-SC16-01

Data
HEER=

- - BRFEF=SD
CPUE

2020



FRA-SA2023-SC16-01

A) Model 1
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MER2-1. HAEFALTHEINEZ T A—X
Modell Model2

FRI A D | FEARARTA—=FOFHIEIZ n=2.00, | FEAR/XTA—=Z D HJEIZ n=2.00,
RE B B SREEINER O IC 1=0.32 % | INEY B SRS IR OB IZ =032 %
ZIEIIRNFERTAG (SD=1) T | £ iLZF W FERFT /547 (SD=0.5) T

EL RELT
FERS% | HEEiE | ERs% | FERS% | HEEm | R S%
r 0.33 0.66 131 0.44 0.72 1.19
K 6,900 9,300 12,600 7,300 9,500 12,500
In (q;) -0.57 -0.32 -0.07 -0.66 -0.39 -0.13
In (q,) -8.70 -8.44 8.17 -8.79 -8.51 -8.24
n 0.26 0.65 1.61 0.49 0.86 1.50
op 0.07 0.10 0.13 0.07 0.09 0.13
op 0.17 0.22 0.28 0.18 0.22 0.28
011 0.04 0.06 0.11 0.04 0.06 0.11
01, 0.21 0.26 0.32 0.21 0.26 0.32
MSY 2,600 2,700 2,900 2,600 2,700 2,900
Bmsy 1,700 2,700 4,300 2,300 3,200 4,600
B2022 4,100 5,500 7,500 4,400 6,000 8,100
B2022 /By, 1.41 2.03 2.92 1.44 1.84 2.34
Fmsy 0.62 1.00 1.63 0.58 0.84 1.21
F2022 0.22 0.29 0.39 0.20 0.27 0.37
F2022/F,, 0.20 0.29 0.43 0.25 0.32 0.42

ETOETIVTo \EIME 0.15, FEHERZE 0.50 OFRIDAi %, q S FIME 1.00, R
0.30 DHRFIIIAT Z 7R E LT,
ARG CTIE, HAETNVELTZ2O0FT A Tn N1 % FE-72728%, Bmsy, Fmsy ¥ X

OMSY [ZOWTHRERI R FHHEIC L - THEIH L=,

BEAEITE O 7N BRI T 2 AL ETHD L LTI LA LT,
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W22, FBARET LT L OEFRER X OVAEEOHREEM & 90%(E #EH XM
A) Modell

. G (TR) Ve
TR HE A FRR TR HE A ER
1985 2.6 3.8 5.6 0.47 0.69 1.02
1986 2.5 3.5 49 0.45 0.64 0.91
1987 2.9 3.9 5.2 0.55 0.74 1.00
1988 2.6 3.5 4.8 0.57 0.78 1.06
1989 2.6 3.5 4.8 0.61 0.82 1.12
1990 2.4 3.2 4.4 0.61 0.83 1.13
1991 2.4 3.3 4.4 0.68 0.91 1.22
1992 2.3 3.1 4.2 0.79 1.07 1.43
1993 1.8 2.5 3.5 0.79 1.10 1.52
1994 1.8 2.5 34 0.78 1.07 1.46
1995 1.9 2.5 3.3 0.67 0.89 1.17
1996 2.3 3.0 3.9 0.61 0.79 1.02
1997 2.6 3.3 4.3 0.66 0.85 1.10
1998 23 3.0 4.0 0.54 0.72 0.95
1999 2.9 3.7 4.8 0.53 0.68 0.88
2000 2.8 3.7 4.8 0.42 0.56 0.73
2001 3.4 4.4 5.7 0.45 0.58 0.76
2002 3.1 4.1 5.4 0.45 0.59 0.78
2003 3.6 4.7 6.1 0.43 0.56 0.73
2004 4.0 5.2 6.8 0.36 0.47 0.62
2005 4.1 5.4 7.1 0.29 0.38 0.50
2006 4.3 5.6 7.3 0.28 0.37 0.49
2007 4.9 6.3 8.2 0.35 0.45 0.59
2008 3.9 5.2 6.8 0.25 0.33 0.44
2009 4.0 5.2 6.8 0.27 0.35 0.46
2010 4.1 5.4 7.0 0.26 0.34 0.44
2011 4.1 5.3 7.0 0.22 0.28 0.37
2012 4.4 5.8 7.5 0.24 0.31 0.41
2013 4.2 5.4 7.0 0.26 0.34 0.44
2014 3.4 4.6 6.1 0.12 0.16 0.21
2015 5.3 6.8 8.7 0.17 0.22 0.28
2016 5.8 7.6 10.0 0.28 0.36 0.48
2017 4.4 6.1 8.4 0.26 0.35 0.49
2018 4.3 5.9 8.1 0.28 0.38 0.52
2019 4.4 6.1 8.3 0.36 0.49 0.68
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MR+ 22, EARET N L OEREL L OVAETEOHTEHE (03%)

. R (Th) g
TR HEE FIR TR HEEH EIR
2020 3.5 4.9 6.8 0.27 0.38 0.54
2021 3.8 52 7.1 0.23 0.32 0.44
2022 4.1 5.5 7.4 0.22 0.29 0.39
B) Model2
. i (Th) I
TR HEXE fE ER TR HEEAH IR
1985 2.7 4.0 6.0 0.44 0.65 0.97
1986 2.6 3.7 5.3 0.42 0.60 0.85
1987 3.0 4.1 5.6 0.51 0.70 0.94
1988 2.8 3.8 52 0.53 0.72 0.99
1989 2.8 3.8 5.1 0.56 0.76 1.03
1990 2.6 3.5 4.8 0.56 0.76 1.04
1991 2.7 3.6 4.8 0.62 0.84 1.12
1992 2.6 3.4 4.6 0.73 0.98 1.31
1993 2.0 2.8 3.9 0.72 0.99 1.37
1994 2.0 2.7 3.7 0.71 0.98 1.34
1995 2.0 2.7 3.6 0.61 0.82 1.09
1996 2.5 3.2 42 0.56 0.74 0.96
1997 2.7 3.6 4.7 0.61 0.79 1.03
1998 2.4 3.3 4.3 0.50 0.66 0.88
1999 3.1 4.0 5.2 0.49 0.64 0.83
2000 3.0 4.0 5.3 0.39 0.52 0.68
2001 3.6 4.7 6.1 0.42 0.54 0.71
2002 3.4 4.5 5.9 0.42 0.55 0.73
2003 3.8 5.0 6.6 0.40 0.52 0.68
2004 4.2 5.6 7.3 0.33 0.44 0.58
2005 4.4 5.8 7.7 0.27 0.35 0.47
2006 4.6 6.0 7.9 0.26 0.35 0.46
2007 5.2 6.8 8.9 0.32 0.42 0.55
2008 4.2 5.6 7.4 0.23 0.31 0.41
2009 4.3 5.6 7.4 0.25 0.33 0.43
2010 4.4 5.8 7.6 0.24 0.32 0.42
2011 4.4 5.8 7.6 0.20 0.26 0.34
2012 4.8 6.2 8.1 0.22 0.29 0.38
2013 4.5 5.8 7.6 0.24 0.31 0.41
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MR+ 22, EARET N L OEREL L OVAETEOHTEHE (03%)

. HIRE (Th) g
S HEEME ERR TR HEE fE IR
2014 3.7 4.9 6.6 0.11 0.15 0.20
2015 5.6 7.2 9.3 0.16 0.20 0.26
2016 6.1 8.1 10.8 0.26 0.34 0.45
2017 4.7 6.5 9.0 0.24 0.33 0.46
2018 4.6 6.3 8.8 0.26 0.35 0.49
2019 4.7 6.5 9.0 0.33 0.46 0.63
2020 3.7 53 7.5 0.25 0.35 0.50
2021 4.1 5.7 7.8 0.21 0.29 0.40
2022 4.4 6.0 8.1 0.20 0.27 0.37
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HREH I3 HEEUVEMRAE (WITEHLEE) CPUE DREIL

REVEEET VICHWDIEEMEE LT, IEEILSICR T 2RO E MikE (0T F
b LIkIE) O A BIRBIER ORGSR S EICESE CPUE (1 fH7=0 0 7T ifafl
B ko/fl) OIERE(L AR 2o o, AUFRO Y ONFEROBENCER TS EE 25N D
¥ —H L LT, HEWN - H= - MEORIUICIRE L, S OICHEBRET — X281 5K
RO D T 5% (KEZE 340m LAZRIZARY) ZBREL, 818,751 #7422 U 7 L
oo WNREDHREEZEET D720, 74 V2 ) 7% O 7T — X Direct Principal
Component <7 /L (Winkeretal. 2013) Z#H L., HWO#RE=ET Y 7 L7, DPC ET
VT, MR T — & O ERRS T B 15 DALk e Ek sy A 2 7 & — e
EET IV (GAM) ORFAA DO CIERIE TR & UL THERT 5, AERIT A IRERE
THOV XY v FT—EINELNZ b, Busr—%%2FT7 ) 72Nz 5 Z &Nk
THARYZHIC CPUE Ok %A v 2 Tweedie £7 /L2 L7-, Type-1ll ANOVA &
AIC, 5-fold cross-validation {Z & > CER S 7= s B A E0 L, I A4 (1980~2022 4Eifa ) |
PO (8~10 H, 11 A~F4E 1 H, 2~4 H, 5~7T H) | BAMHE Q17 32V) | i
g 2 7 =V) | R (HEN, BsE, ME) | 1 B A T, B2 ER A
a7 FRERERREE. KVE. KA 10 R R BN R O 18 I L O, JAHIME & AR ML,
VO3 AR O A AAERTE CH 5, BIRSNIZET /VIC L 0 HEE S iz TRIE D /3 #i &
BUAE O 5340 ORI K & 22 TRBEIZERD SR vo 7 (HEK 3-1) 720, ZhEaRKET L
L LT, mEET IV EMABEDEFREIC X - THEE SN2 AE (L CPUE D4 b L > K& 4
SR 3-2 1T, BEAEL O FEMNE [0 5 (2023) 4R Y 7 T AbiEE AL ER R EE DI A O
T (DT £ Liflk) © CPUE BEXE(LIZ >\ T (FRA-SA-2023-SC16-101) | (T3
E2> 2023) 1R LTz,

RAEET IV
MEFET V- —RLIEET L
JNEZEHL - CPUE
P2 % - FY. Quarter, HP class, Vessel class, Base, PC1*, PC2*, Lat:Lon*,
Dep*., PDO*, Base:FY. Base:Quarter (x*FVE{b 277 1 )
U7 B log
FFRNT A—H (p) 1591

71 FH Sk

T 15 - EBRRER - BREE T - B2 B - SEEEAGRS (2023) AR 5 (2023) AEEEY U NTF R
WRE AR B O M AE O E MEIAE (0T £ LifIE) @ CPUE fF#E{kIZ S\ T FRA-
SA-2023-SC16-101.

Winker, H., Kerwath, SE., and Attwood, CG. (2013) Comparison of two approaches to standardize
catch-per-unit-effort for targeting behavior in a multispecies hand-line fishery. Fish. Res., 139,
118-131.
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HEEN 4 BHEEERLBRKEES

AR S 4 S HIZBE S [5F0 5 (2023) 4R Y o T AeiE AL R i O & BRAL VE(E
BT DA SRR 5% (FRA-SA2023-BRP03-01) | (TFEEIE2> 2023) (kv HIEEHEL
HEMEIZIZ MSY 2 EBL 2 & E (Bmsy) . RFVEFIEEMEIZITE RIS W THEE S
72 2021 I HLLET O EIE B O FAKME (Bmin) , ZEEKHEIZIZ0 F 2 HWD Z E BN RES
nTnD (iR 41,

LR (Bmsy) (ZXIGT D ETREIL. AFEEOEPHFEAN TliX Modell Tl 2.7
T hy (1.7 F~43 FFY), Model2 Tix 32 F by 23 F~46 T L) LHEESNT
(FiRE 2-1), 2D OIERET VOHEER LD DR S5 REFE S KO 90%(E X [H
X, 3.0 F by (18 F~44 T ) Thotz (e 4-1), RAEHILYEMEZR (Bmin)
(R 2 EPREIL, Modell TiX 25 F b2 (1.8 F~3.4 F ). Model2 TiX 2.7 F h
v 20 F~37 T hy) EHEESN, REMIT25 TRy (1.8 F~34F hy) LR
nic (R 4-1),

ME 7oy M EEEEAAEER, RAEHAEER, BLOSRKERZERRE L
T2bDEMRX 4-1 173, BUROERE (B 2022 FRHIO G IR E) (ST 288
WEEZEOHKIT, FEEHEEEZR TH S Bmsy T 0.52 (0.36~0.67), RAEFIEEMERT
&% Bmin T 0.43 (0.35~0.53) TH V., BLUROBREDOREHE TV T OEFHELEER S
EREl>TW5,

5| AR

TH 1B R - ARMET - BT B - TEP)IPk T - EEAHS (2023) AN S (2023) AR
JE Y 0 T AL 1 AL ES R R 0 BEAL VR SE (2 BY 9 5 BFJE MK B 2 5% . FRA-SA2023-
BRP03-01.
https://www.fra.go.jp/shigen/fisheries resources/meeting/stok assesment meeting/2023/files/
2023-03/fra-sa2023-brp03-01.pdf
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iR 4-1. FIEEEHARER, RAEFHEAEER, B LOEKER

W TEs
BEE  REINES BRI
B LU 22 gL iy
FERHIR (Thy) kB MR sk
(Th)
B A L 2R 3.0 0.32 0.92 2.7 3.26
(Bmsy) (1.8~4.4) (0.19~0.45) (0.62~1.52) (2.6~2.9) (2.44~4.85)
o S A PR EL UE i 2= 25 0.26 1.08 2.7 3.83
(Bmin) (1.8~3.4) (0.20~0.33) (0.78~1.49) (2.4~2.9) (3.07~4.79)
kot I HE 22
(0 k)

REIVEFEET VOMRICESE | FEHELEFERICH TS, T 2&HE (Bmsy) | B
BRINES (K) Cxt3 25k, ST 2188 (Fmsy) . *Hcd 2RO Feiffsns
s (MSY) | XS 2L OBUIROWIEF T 5 (Fmsy/F2022) % 7R"d, 2D
DIERET WA X HHEERE RS 30,000 A0 K LiHHEE S 72T A -4y b &
HABR L TEH LAEORIEZFEEE LT 58—k Z AL 95—k % AL
B % 90%IEHHIXH & L TR LTz,
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HRERS RETHRAEICHIE L-HFEFR

(1) FETHORE

G OB FEBUE O FHE TOREAKRE TV OREROFKE T iE L FREIC, T HITH &
FIHEE SN BB ESC /ST A — X ORMEMZBET H72D, 2,000 O K LE
BOLICHAR LERTA—Zty NTLICARZGFEEELY I 2 — ML (R
B 1. 2). F7-. fHRICE CTHLREVEFEET LV EEET —XICh TIED CAJN 25
I o7utAEFET LD, FRTPHTIHET L - MR LR L IchR§ 5 ifE
BEHAIRIZE S ABC 3HEAZE L7 0t® 22 BT LT, R THNCI T 2 ke
BHLTWD, 77205 THITH &R E Rk, fixFEETICT—F L LTHED
Tzl B X OB IR ERIEME2 AWV CREIAEEE TV (SPICT) TOERFAE & 2 £
DRTEFT R ZIT>T\D, 20 ABC FHEZH L7 vt XA TiE, iEEHEBRIZETHY
B D BRFVE FRLEE RS MSY 2R8I 5 E (Fmsy) b ERFHEORRICESEE
BT D, 2 ORMEF R CITEIRED HAREEIIFR A2 5 27, iR ABC #&EI2H
W AWBEETHREL TS, ZOFa A TEBEN-HEELFETL - IR LHE
TEILBE L EOTRRER E EEHMRRICE S EE LG A ORI THIE LT,
FER TN 15 R L7228, WHEE TH D 2022 A9 o8 1381 S iz EEE o
RIS, 2023 FEHIOIREEITHE D IR LEHE Z & ICHEE S D 2022 i o
JECHE L, & BRI R IC & 28 FIE 2024 4RI B BRMGET D & LTz, B, kT
BCOBPFEICIZ, ABCEHEAE L7 o A CORMEEE LBy MR LEE DL
ICBFRRAEICE S BREF 2 5. 2 7, £-mozn, BUROEEE (2022 4k T
DOIFHENHRE LB O R bR LIz, 20 L X OfMEEIL EFELD XL 9 72 SPICT 12 X A
VR URHRIXEM L TR,

(2) JfasiE BRI %

P AR, BESHEEE R E~OGIREOMER - [ 2 EW T 5 R4 )
RLT, BREICHIL LZEELE (F) #2ED200THDH, BIREDRNEHILHERES
LI EIC®H D5AICIT Fmsy (SRR B 2 U2 E L L, EIRENRAE ISR
% Flalo 7oA I3 2K ER £ CEMICIEE L2 T 5, AEIRO TEF L HEm S
2RI B AR R ik CIXIHEEMRE B 121X 0.8 BHELE S TV D,

(3) 2024 i O T-IfE

2024 A O TG IR SIS BRI 2 A L TR 7o 2024 AR o RUE TE
I, BAE 08 & LZEAICIZ46 T ho, 1.0 & LIEBAICIZS8 T R Tholz, 2024 4
O FREWEIL, 2,000 FOBEV IR LFAEOENZEINT 2 2OET /NI EIZERED
BREE O AFEREMZ BB L2V IRERMATEFTREICL D B Lz, Z0OB. TRIEOR]
FEOWREITBR OWETE (2022 F£D F) TIRE L7z, ZOHUROWREEIZIL, #0IELE
B ICAREFIMEOFBBANTRARZEE W, TNENOMY K LFHRIZBWT, 2
DOETNTHEMB SN 2024 FRHO FRIGIREICKT L, 70 2 LA RE BIEHEEZ
T D Bmin B L UOEFKUETH HEFRE0 b & OAEBFRN D ABC FHEICH WS e
J£ BFmsy ZRE L, Z L% 2024 FiE 0 FRIE PR & #10 AoH T 2024 FiA o fE &
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EEH L, BHLEEREIZSOWNT 2 OOFET/LOEHEEZER Y K UEE S Lok,
ZOREME (hoflE) ZEREHFEOHERERE L LT,

2024 FIZ TR SN HEWEIL, 2 TOMY K LFHHE CRAEHAEERE Enl-7= (f
JE 6.3 T oy 90% THIX[H 4.5 T~88 T ~),

(4) 2025 i LARE O T

2025 FLARE S B D TR PRI ORE R A2 MR X 5-2 B L O R 5-1, 5-2 (TR T, (fEE
PHANC W2 TR B & 0.8 & L7t 2034 il o B REO THIEIX 3.6 T
(90% THIX[ENIE 2.0 T~5.7 F by BLFEAER) Th O, THMED BAEEHEAEERE L
0] 2% ffe 21 81%., RN E B R # LRI DML 2% E o7, B % 1.0 IZ LT=HA IR,
2034 I OEIREO FPREIZ3.0 TR (14 F~54F F2) THY, FRIED HEE
HULHE R A L0 5 MERIT 58%., RAVEHILEMEL LR DRI 13%E o7, 7B,
BLROWEE (F2022) ke L7235581% 2034 fEA IO EIHREO THIEIZ 6.4 T~ (4.5
T~89 T h>) THH ., THIMEA BAEEHALMEERE L ORMNE HILEME S L0 5 i
134T 100% & 72 o 72,

AEPRO TE P S (B eI (FRA-SA2023-BRP03-01) ) T, EJi®
M EEE AR E BRI DR E 50%LL Eic T2 8oz, RAEHLEHERZRTH D
Bmin % F[E]5 U A7 & —ELL FIZMZ 5720 OB E LT, BIFEENE I 10 1412
PRI B HEE R A L [R] D R AN 90%LA L, 10 4E[ T T 6 [RA B HEE R 2 FE 5
=R % 30%AT &35 2 E N EHAIE U CHERRET 2 ML SivTe, [ BRALVERE 2
(BT D AFZERE R 5% (FRA-SA2023-BRP03-01) | Tidk Z OREMEIC K - TR E B 15 0.8
DIREI NI, REEDOFARIZ LD 2034 FRM OGP R RFVE HILEMER 4 L0 5 i
FOBLU 10 FIT—ETHRMAEHEEER L THESMRICHE CEEZEA LTS B I
AL 0.8 BEIREND (K53, 54),
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B I OEFKERIL, THENABMnBLO0 o Thd, Z O TIITHEEGEIP
21X 0.8 Z W -, BARIE Fmsy, JREAAHRIE 0.8Fmsy, KT IAE S FIRAIZR,
TR I AR HEZR . PRI IR A B Y R . AR 1T B AR B LV R 4 R
R
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L 5-2. REkOBEPRE, ST, B IOV RE

O KW & MEENT TR OIEE (F2022) T, JREOKWERR & #EENT IR
FEARH B=0.8 DS PRI 2 TS L7256 O TR SN0 F9fE & 90% T X
M. B KVER &K OHEHNTIE 1985~2022 FEM T HEE S - ME o o R fE &
0% EHEX M., FODOMNEIINEFEOEEOHIRTH D, BIREOKIIR SN
T OMRIE B AR BRI R 2 22T 2K HE, B0 — R HBRI LIRS B VEfE 22
DKMETH D, FEROKIR SN BAOMRIT MSY K, BT (F) OKIC
TR ST AR OBGERIE Fmsy K¥ETH 5,
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fRES-1. FROWREN BIE - RAVEHELEERZ LE DR

a) HIFEREEERZ EREILHESR (%)

B 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 [ 2031 | 2032 | 2033 | 2034

1.0 100 | 100 68 51 35 40 42 48 51 55 56 58
0.9 100 | 100 82 67 52 54 56 59 62 65 66 67
0.8 100 | 100 92 82 73 74 74 76 76 78 79 81
0.7 100 | 100 97 93 89 89 89 90 89 89 91 91
0.6 100 | 100 99 98 97 97 97 97 97 97 97 98
0.5 100 | 100 | 100| 100 100 | 100 100 ( 100| 100| 100| 100 (| 100
BWROF| 100| 100 100| 100| 100 | 100| 100 100 100| 100| 100( 100

b) RAEIHAEERZ LEIDHESR (%)

B 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 [ 2031 | 2032 | 2033 | 2034

1.0 100 | 100 91 75 58 60 60 65 67 70 72 73
0.9 100 | 100 96 88 74 75 75 77 78 80 82 84
0.8 100 | 100 98 95 90 91 90 90 90 90 92 92
0.7 100 | 100 | 100 99 97 98 97 97 97 97 97 97
0.6 100 | 100| 100| 100( 100 | 100 100 ( 100| 100| 100| 100 (| 100
0.5 100 | 100 | 100| 100( 100 | 100 100 ( 100| 100| 100| 100 (| 100
BRoDOF| 100 100| 100( 100| 100| 100| 100| 100| 100 | 100 (| 100 100

B % 1.0~0.5 TEHE LIHE DR FRORKREZRT, 2023 FiEHOFERITIBIROHR
£ (F2022) TRGE L. 2024 FRMNOREEHRRABRICL2BEL Lz, KD
DEMROWEMEE (F2022,p=0.31 I2HHY) CTHRELFT-HEOKELR L, KFEITA
EEBBRRIC X Z2EHERGEND 10 EHEZRT,
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MREK 5-2. FEROTHRER X OAEREOREKEOHS

a) WHEOHRE (FH)

B 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034
1.0 33| 30| 26| 27| 27| 29 29| 30| 3.0] 3.0
0.9 361 33| 3.0| 3.0| 3.0] 3.1 32| 32| 33| 33
0.8 40| 36| 34| 34| 34| 35| 35| 36| 36| 3.6
0.7 44| 41| 38| 39| 39| 39| 39| 40| 40| 4.0
0.6 48| 45| 44| 44| 44| 44| 44| 45| 45| 45
0.5 53| 51| 50| 50| 50| 50| 50 50| 50| S0
BROF
b) REEOTRE (FHr)
B 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 [ 2031 | 2032 | 2033 | 2034
1.0 1.7 58| 3.1 31| 26| 27| 26| 27| 27 28| 27| 2.7
0.9 1.7( 52| 3.0 3.0 27| 27| 27| 27| 27| 27| 27| 2.7
0.8 1.7 46| 30| 29| 27| 27| 26| 27| 27| 27| 27| 2.7
0.7 1.7 41| 28| 28| 26| 26| 26| 26| 26| 26| 26| 2.6
0.6 1.7 35| 27| 26| 25| 25| 25| 25| 25| 25| 25| 25
0.5 1.7( 29( 24| 24| 23| 23| 23| 23| 23| 23| 23| 23
BWROF| 1.7 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 18| 1.8

B % 1.0~0.5 CTEHE LIZGEOERTFRIOKREELRT, 2023 FiRHORERIIBIRDMR
HIE (F2022) TRE L. 2024 FRENHORETHRBIBICE AL Lz, D7z
DEROWMEE (F2022, B = 031 (YY) THRELZHEI-HEO/BEL R L, KFIX
FEERBRAIRIC X 2EERG)D 10 EKE2RT,
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RREPEHEEERL LRIS2HE, FTRShIRHE - REROZ LY

58% 73% 2.7 3.0 5.8 2.9 2.7
67% 84% 3.0 33 52 2.8 2.7
81% 92% 34 3.6 4.6 2.8 2.7
91% 97% 3.9 4.0 4.1 2.7 2.6
98% 100% 4.4 45 35 2.6 25
100% 100% 5.0 5.0 2.9 24 23

R E 5-4.

10 EMIC—ETHRZIEEROE LD
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REN e EEEEBEESSLVERFRADOGFESZE
(1) EHEEFEROFHE

ARG 2 T2 L 91T, MSY ICBIRT 2 &R ECHREEOEE (Bmsy &, Fmsy)
X2 DOERET NVOEREZRAE L TRDT, TR00H, BAERLE AT A—FEY FD
2BHn.m K&, 2ot (17) XCTHRHSND r, BL Dot LV, HYIKLHES
720 (5) ~ (10) KicHESE ke, BEEFHAEERICHET 28E2EH Lz, £o.
PR PRAELMEME 22 (269~ B B IR E (Bmin) (ICOWTHM Y IR LR Z IR EH L7,
INHLOEREZ, ThEN—ED F,B LB O F CTIXEHIREDEIRE (EB|F)) 7
AFo (23) NTIEPITE 5D Z & (Pedersenand Berg2017), B3 LY (24) KITmEShbif
M LB L ONVAEE O — IR BARIZEE D X | G MSY D x% & R iR OS S
DIIETE F, 3 LOERREO B & (EBF)) & L THEMITRD T,

1/(n—1
E(Bw|Fy) = K<1 —("‘1)( f )) " )-<1 - n/2 02) (23)

a z0p
n \Fnsy 1-(1-n-Fsy+(n—1F,)

C, =B, F, (24)
72770, n<l OBAICITog =0 Lzt 2 oXEHA W, MEEE 5 Tk, Zh b o8
[ZDOWNWT, MR LFHEOFREZRFME LT, 58— A VHE, BLO {—F
Y HANED DB RD T2 Q0WETEIXE & Gt TR LTz,

(2) FFkT

MUK LRSI, SEBERLSMANOFER LTI RT A =21y MIIES L EHE)
ReZ W TR T 21T o 7o [ T3 C ORTEF R Tl S RIAE LI SE 13 Pedersen
and Berg (2017) (Z9€\V> Lamperti Z#i L7z (25) XAEHNTHEE LT,

n-1
dz, = (ﬁ 4 e AL (25)

ZIZT, ZIE InB)TH D, £, FATFERTHIZH W CHREEBHAIRZE CED b HIf
HE C EEDORFOEE B ICLVROON D, AIEFHHE CIXERED B AR E) & iEfEia
Zopll XV B2 bbb, BEEMOERE B 1L 26) Xeied,

Biy1 = exp(Z, + dZ,) exp (&) (26)
7%, & ~N(=0.503,08) ThHDH, HOKRLFAEITLICHAER L, K, n, og&, ThH
I2Ev 3) ) RTEHLEyEmicky, LROBHEBENEE D,

P TN E IR O AAHEFEME 2 BB D720, T HIOBIAR S OGIIREE (EIF
BOWEIL) 1oV ThH, 0IRLFE I ICHAER L-EE AW, ZERERS M
B ENDH/NT A—4 &y MG RERBELZ T DL H D, TOD, T
W URHR Z LSRN OGS (F=0) OFBRETHIZ 2,000 FRITTV, JE N E 2370
OOPTEWNET D (B<l) BWRHEELZ R LT T A—FOMALEDLEEZ, [FRFHT
DOV IRLHRTHEAT 27 A =%ty bbRA Lz, fFRTRHICHEAER LT
A =2y NOJHEMER 6-1 12, BRINLIZRT A—F v v NEMEK 6-2 1ZRT, 7
B, KEFIZBWTZNICE > TR SN T A—F v MIED,

WS HIRANC S < ABC #HH TlX, ABC ZED H4F (ABC4) DRHiXEE TOfE
BB LOEHEREMZ AWV CEFRFMM 21T\, & 512 2 5 ORiERHIC X 0 1572 ABC
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FEORFREZIFEEHRANCY CTEHDHZ LT ABC LR biEELZFEET D, KEET
X, Z2® ABC FHEZELIZ 7 vt X R THIO FITHAATL Z & T, kO EPRAEAM
DRMEFMELBE L, T772bb, FRETRIOFEICBNT, MUELHREZ L2, fix
EFEToMERE L EREREME AT —4% & Lz SPICT TORREHTE ((1) ~ (14)
X&) & 2FEMoriERHR ((25) (26) XA, 7272 LMFRIRZZIIE L 72V &
TV, G- BFEZBEEHHNZIY QIO TR PRNCE T D ifEE L E DT,
& XL EIEAAMIRT (1985~2022 fEifad) o RIL, 0 IR LEFERICER
TN BURRZZZ IR L2 b O Th 5, B IRAEAN IR O B &I W IR
fEZ AWz, PR TR OEE &R X OEREHEIEMIT & LIV IR LFRE L IcR
HYHMEE 725, fEIX ABC fHRZHE LYo A TCREBSNEEHH L, GHE
A (13) (14) RS, THISh 2K FE0&ERE (B) LREHE g IOT v
K LI BHRASE e GEYERZET 01) (X VRO, FETHIICEKIT 5 ABC #HEEZE L
Zrt AT, BTEFHE CITREREIC L 2 EREDO HREHI S 2 TV (05 =0),
F7o, WIEIOEEEHHANE CORBEOEERZRE | AiEFRERICE 2 2 1REECIX
FNENOMY K UHE Z LI E R TR SN EFoRER L L-, Flhlo
WSS PR R CoE RO R ER T, 2022 A ORESE T ITBIHRE E 42 5B LW
RINTIRERIZEL S 2, 2023 i O SE 11X 2022 R EI O (F2022) TR
E LTz, 72BRHEO@EY |, F2022 1TV IR LHAE Z L ICHAEK LIZMETH 5,
FEETHICE T 5 B4EOEFEEIL, it ABC FHHEAEZE LYo A TSN
BENG (25) (26) RUCHE SV IR LR L ICET Lz, T, Bl S5 i#ETE
F NIEBREMICREL R DLRNVEDIC, FEDF O LRE Fmsy O 2 5L 3 5Hl#% 5 %
72o Flo, FERICBOWTOREZEMET A ZE VIR L XD THEEZ1TH B, T7 00X
WETIZ ABC FHARN TE R WS EICITRMEICEH R Sz ABC &R UEEZZOFD ABC
ELTHWS & Lz, REEORFRTFHICR LR ER L OMEEREORFEMIZ, = D
DIRLHAETHELNMEOFRETH D, o, FEETPHOEREMD 90% T HI XML,
UK LR TELNIED 5 /83— XA VEB L5 /=8 X A EN B R DT,
ZHBITEBFGFHI D 2 SOERETANLHEE SN /T A =X TS TERILEZ 2
ZATDOM TOFEREAEDLEIZ LD THD, OM ¥ A THIZEHT LIk TR %
MR 6-3 1277, ZHICEDE OM & A TOENT L HEIRECH T, (AR DR
B XL ONERERR IR 5 213/ SV 23, B/Bmsy X° F/Fmsy OIEFHX B2 VT OM # A
71 TR 2 AANC S o 7o, PR TROF R FIEOFEMIT MREZEM T e g7 v a v
TV X DEIREHEERERZ AV RIS - FER TR TE YT -~ F LA
eiEE AL R EE~D# ] (FRA-SA2023-BRP03-101) | (FFEF)INEA> 2023) (2R L7z,

5| FAXAR

MEPIBEF - T2 15 - 58 BE (2023) RREZEM T m &7 v g VBT M L DB IREHEE
FER A W8 BRERIS ST A - PR T IIFE © Y UnT - v T b A JLiEE AL R~ D
i# . FRA-SA2023-BRP03-101.

Pedersen, M. W., & Berg, C. W. (2017) A stochastic surplus production model in continuous time.
Fish and Fisheries, 18, 226-243.
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MP[=]1 OM_type [o] 1iai2

BO.1msy BO.2msy B0.3msy B0.5msy
400 - 800 - 2000 -
3001 600 - 1500
200 400 - 1000 A
100 - 200 -
0 0-
BO.6msy BO.7msy
3000 5000 -
2000+ 20001 4000
1000 A AT 1000 A { 3000 1
RN 2000 -
0 -
Fmsy K m
o 60007 15000 | 30004 3000
340001 A 0. 2 28001 A5, | 28001
g L 4 10000 1 i K 5 | 2600+
20004 1 A N R 2600 4
n OM_type qt q2 r
2001 = 3-
1.751 1.0 3e-04 - 2]
1.501 0.81 (@) .
1.251 06 N/ | 26047 O & 11 A\ A&
1.001 —e— | 0.4 1e-04
sdb sdc sdf sdi1 sdi2
0.35
0.16 1 0.01002 - 0.30 020 . | 0407
F 3 0.151 0.35
0.121 A% 1 0.01000 ‘A5 | 0.251 A% | 0.10- 0.30 1 .
0.084 \$/*5 | 0.00998 1 0201 N/ | 0. JA, | 02518/
0.151 0.051 e | 0.201
1985 1985 1985 1985 1985

factor(year)
MR 6-1. RERTHIANCHAER LT/ T A =21y FOoTm
2ODERETNIL, TNEN2 DD OM ¥ A FIZKIET %o
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3.0

20 -

1.0 -

n

WREK 6-2. FEFHRICHERLIEZRTA=F Yy hOT4NE ) U THER
FRFANCHN=ART A=ty b (R) L7442 ) T TRAINIZNRT A—X
ty b (F) OFRAT A—% 0 LNOBARENEr OBREZ TS,
ARROBRIIETDONRT A—2ty FTRIFFRABIZIIESL o7z,
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R 6-3. HEARETNAHOMROEH R, EFEL Bmsy DLt JHEE, (BET L

Fmsy DL, ikl L OuEkLE %

TR D KUNFERE & HEHNT TG IR 3 T Modell THEE SNT-/8F A —Z b
AR L 72 OM_typel, H D KWVFERR & MEENT IZ[FEERIC Model2 THEE S7c/XT X —
ZIHEAER L7 OM _type2 12 & %, #ELE I~ 2 i@ PR AR (B=0.8) TiREL =%
B OTR S NI AED P IAE & 90% X ], & DM OWFRIT KEF FEOFEROFIRTH 5,
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MREHT7 HE/NFA—F LFEBEROME

fER 7-1. EHEHEMEHER L MSY

FRA-SA2023-SC16-01

B} AAE FE OB IRETAM (2 3 S5<E
=L
Gl s (FEIMAIE 90% S #E X )
. B K Foe A PE B MSY RFE: 3.0 Fh (1.8 F~44Fh)
= HEfH
Batﬁ Etigﬂﬁg FEBRTIRRE Model 1: 2.7 Fh> (1.7 F~4.3 FhV)
aree (Bmsy) Model 2: 3.2 Fho (2.3 F~4.6 FF)
BIRFHM CHEE ST RFME: 2.5 Fr (1.8 F~34Fh)
il e
gﬁféggﬁéﬁ“ﬁ 2021 AEJRBALIETOIEE | Model 1: 2.5 Fh (1.8 F~3.4 FhY)
mt K& VR & (Bmin) Model 2: 2.7 Fh> (2.0 F~3.7 Fh)
i KER . .
Bban £ RIREL 0 b a

RFEME: 0.92(0.62~1.52)

Fmsy Fmsy (X SR E Model 1: 1.00(0.62~1.63)
Model 2: 0.84(0.58~1.21)

R#EfE: 2.7 Fh (2.6 F~2.9 Fhv)

MSY B Kl £ PE & MSY Model 1: 2.7 Fh (2.6 F~2.9 Fh)

Model 2: 2.7 Fho (2.6 F~2.9 Fhv)
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HH L _ B7Ll]
(FEIMAN I 90%1E HE X 1)
B2022 (42 ::j;;]v) 2022 RO FE IR &
0.28 X

F2022 (0.21~0.38) 2022 FIADIBEE
EEILYEE L D
B2022/ Bmsy 1.92 BRF e A EREZER TR E (HEER

(Btarget ) (1.48~2.79) FEAEMER) 1265 2022 FEiRMOBREDO
F2022/ Finsy 0.31 BRFAEEREEBR THREEICH TS

(0.21~0.41) 2022 EIRHDREED L
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2024 EJRBI O G IR O TR S/l (90%X ) : 6.3 Fho (4.5 F~8.8 Fh)

2024 D BURDOBHEIEIZ T
HH R x4 5Lk S E (F)
(Fh) (F/F2022)

PR a3 CIRES I B (M fE)

p=0.8 4.6 2.61 0.74
FREL RS B EERALIZSGE

B=1.0 5.8 3.26 0.92

B=0.9 5.2 2.94 0.83

p=0.7 4.1 2.28 0.64

B=0.6 35 1.96 0.55

p=0.5 2.9 1.63 0.46

F2022 1.8 1.00 0.28

MRE 74, R25 B EAVTORRTRIFER

EBL TS IHEEN: WIRED A RES) GBRERZE) | WIRFHG-ABC FHH 7o tX
2034 4 90% 2034 FITRITESLLT O
HH OTEE T X RS EHEEMERE LSRR (%)
(FhH>) (Fh>) | Btarget £ | Blimit &£ | Bban £
7RI =3 CIREShZ p (i E)
p=0.8 3.6 2.0~5.7 81 92 100
FREERLD B EERLISE
p=1.0 3.0 1.4~54 58 73 100
p=0.9 33 1.6~5.5 67 84 100
p=0.7 4.0 2.4~6.0 91 97 100
p=0.6 4.5 3.0~6.6 98 100 100
p=0.5 5.0 3.5~73 100 100 100
F2022 6.4 45~8.9 100 100 100
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